Background: Ipilimumab improves the survival of metastatic melanoma patients. Despite documented, durable objective responses, a significant number of patients fails to benefit from treatment. The aim of this study was to identify an upfront marker for treatment benefit.
Even though the mortality associated with metastatic melanoma is still high, novel therapeutic strategies that improve overall survival (OS) have been recently introduced in the clinical practice.
Ipilimumab, a fully human monoclonal antibody that blocks cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4), was the first agent that improved survival of advanced melanoma patients in a randomized, controlled phase III trial (Hodi et al, 2010) . Objective responses were observed in 10.9% of patients, and disease control was obtained in 28.5% of patients, with 1-and 2-year survival rates of 45.6% and 23.5%, respectively (Hodi et al, 2010) . Importantly, ipilimumab showed a pattern of responses that extended beyond those of cytotoxic agents, and are captured by immune-related response criteria (irRC (Wolchok et al, 2009) ). Long-term survival data of patients who received ipilimumab in phase II clinical trials showed that durable responses were achieved in a significant proportion of patients (Prieto et al, 2012; Wolchok et al, 2013; Maio et al, 2015; Schadendorf et al, 2015) . The immunomodulatory activity of ipilimumab also induced an unusual safety profile, with autoinflammatory side effects such as colitis, dermatitis, hepatitis and hypophisitis, termed immunerelated adverse events (irAEs). Grade 3 or 4 irAEs were observed in 15% of ipilimumab-treated patients (Hodi et al, 2010) .
Given the possible delayed yet durable responses and the potential toxicity of ipilimumab, it is pivotal to find biomarkers that allow the identification of patients who are most likely or unlikely to benefit from therapy. A number of parameters have been explored in different studies, including CTLA-4 gene polymorphisms, the number and functionality of innate and adaptive immune cells, and soluble factors such as lactate dehydrogenase (LDH) or C-reactive protein (Breunis et al, 2008; Ku et al, 2010; Di Giacomo et al, 2011; Hamid et al, 2011; Delyon et al, 2013; Di Giacomo et al, 2013; Queirolo et al, 2013; Wilgenhof et al, 2013; Berrocal et al, 2014; Kelderman et al, 2014; Simeone et al, 2014) . However, in most cases, these potential biomarkers may be expensive and time-consuming, or only become evident during the course of therapy, and cannot be used for upfront selection of patients.
In the last decade, it has become evident that cancer-related inflammation is a key determinant of disease progression and survival in most cancers (Hanahan and Weinberg, 2011) . Systemic inflammation is associated with alterations in peripheral blood leukocytes that can be captured by the ratio between neutrophils and lymphocytes (NLR) (Zahorec, 2001) . Clinical utility of NLR estimation to predict patient outcomes in a variety of cancers has been demonstrated (Guthrie et al, 2013) , including melanoma patients treated with ipilimumab combined with fotemustine (Di Giacomo et al, 2014) .
In this study, by evaluating the associations of NLR with the clinical outcome of metastatic melanoma patients treated with ipilimumab, we report on a simple, cost-free and effective marker that might help the identification of patients most likely to benefit from this therapy.
MATERIALS AND METHODS
Patients. This was a retrospective analysis of data collected from melanoma patients who received ipilimumab at the European Institute of Oncology (EIO), at the Istituto Dermopatico dell'Immacolata, and at the University Hospital of Siena through the European Expanded Access Programme (EAP), or after drug commercialisation (CD). Ipilimumab (Yervoy, Bristol-Myers Squibb, New York City, NY, USA) was available upon physician request for patients with life-threatening, unresectable stage III or IV melanoma, who failed or did not tolerate previous treatments. The treatment was approved by the local ethics committees, and all participating patients signed informed consent that comprised a data privacy clause for data collection and analysis for research purpose. Data acquisition and analyses on safety and efficacy mentioned hereafter apply only to the EIO training cohort of patients. Findings on the association of NLR and survival probabilities were then validated in patients who received 3 mg kg À 1 ipilimumab in EAP or CD. Data from the cohort patients treated with 10 mg kg À 1 ipilimumab at the University Hospital of Siena were analysed to further validate findings on baseline NLR. Patients included in this cohort have already been described (Di Giacomo et al, 2011 .
Treatment and assessments. Ipilimumab was administered 3 mg kg À 1 every 3 weeks for four infusions. Patients who progressed after an initial response to treatment, could be reinduced. Complete blood cell counts with differential count and serum chemistry were performed at baseline and before each drug infusion. Tumour assessment was performed at baseline, at week 12, and every 12 weeks thereafter, and clinical responses were classified as immune-related complete response (irCR), partial response (irPR), stable disease (irSD), or progressive disease (irPD), according to irRC (Wolchok et al, 2009) . Tumour responses were also evaluated according to response evaluation criteria in solid tumors (RECIST). Deterioration of PS was attributed to disease progression. Clinical benefit was represented by durable immune-related disease control rate (irDCR, defined as the percentage of patients with irSD lasting at least 24 weeks from the first drug infusion, or irCR, or irPR) and immune-related best overall response rate (irBORR, defined as the percentage of patients with irCR or irPR). Patients were continuously monitored for safety, and adverse events (AEs) were graded according to the Common Terminology Criteria for Adverse Events, version 4.0. AEs were managed using protocol-specific guidelines.
Statistical analysis. Descriptive statistics were used to present patients' characteristics, safety and efficacy of treatment. Data were presented as relative frequencies (percentage).
Baseline, pre-therapy white blood cell count (WBC), absolute neutrophil count (ANC), absolute lymphocyte count (ALC) and serum LDH were analysed. NLR was calculated as the ratio of ANC to ALC (Zahorec, 2001; Walsh et al, 2005) . Mann-Whitney U-test was used to evaluate the association of continuous baseline variables with disease control. Data were presented as median and interquartile range (IQR). Baseline blood cell counts and LDH were also categorised according to the upper WBC, ANC, LDH, or lower ALC, limits of normal. NLR was categorised using a threshold of 5 (Guthrie et al, 2013) . The receiver operating characteristic (ROC) curve analysis was used to confirm the optimal cutoff for NLR in the training cohort of patients.
Progression-free survival (PFS) was calculated from first treatment to immune-related disease progression or death (event), or last follow-up (censored). Overall survival was calculated from first treatment to death (event) or last follow-up (censored). PFS and OS curves were estimated with the Kaplan-Meier method, and survival distributions according to the indicated parameters were compared using the Wilcoxon test. Multivariate Cox proportional hazard models were used to investigate associations of NLR with survival, adjusting for confounders and other prognostic factors such as age, sex, LDH and ECOG PS in the training cohort of patients. Similar Cox proportional hazard models were applied to the EAP and CD cohorts, adjusting also for a factor indicating the centre. Results were presented as hazard ratios (HRs) with 95% confidence intervals (95% CIs).
For all analyses, two-tailed Po0.05 was considered statistically significant. The statistical analyses were performed with the Statistical Analysis System Version 9.2 (SAS Institute, Cary, NC, USA).
RESULTS

Patients and treatment.
From August 2010 to October 2013, 69 patients received ipilimumab at EIO and were included in the training cohort of patients. As of April 2014, with a median followup of 10.6 months, 16 (23%) patients were still alive. Baseline patient characteristics are summarised in Table 1 . The median age at first treatment was 62 years (range 33-87 years), and 61% of patients were men. Most patients (78%) had a primary cutaneous melanoma; 10% had mucosal and 7% had ocular primary melanoma. All patients had AJCC stage IV disease, with 87% M1c disease. Forty-eight patients (70%) had three or more metastatic sites, 27 patients (39%) had liver metastasis, and 16 (23%) had brain metastasis. LDH was elevated in 56% of patients, and 8 (12%) had ECOG PS 2. Twenty patients (29%) had received two or more previous lines of systemic therapy. Thirty-eight patients (55%) received all 4 doses of ipilimumab, and 2 patients were reinduced. Ten patients received 3 doses, 11 received 2 doses, and 10 received 1 dose. The most common reason for drug discontinuation was rapid disease progression.
Safety. In general, AEs in the training cohort were predominantly immune related, manageable, and reversible ( Supplementary  Table 1 ). Eight patients had rapid disease progression and they could not be monitored for ipilimumab safety. Of the 61 evaluable patients, 50 (82%) experienced AEs, including eight grade (G) 3/4 AEs in 7 (11%) patients.
The most commonly reported irAEs were dermatologic reactions (18 G1/2 AEs in 13 patients) and gastrointestinal toxicities (31 AEs in 21 patients, including 2 G3/4 AEs). G3 diarrhoea was managed through the use of supportive medications including steroids, and required drug discontinuation. G4 colon perforation was successfully managed with surgical intervention and drug discontinuation.
Three haematologic G3 AEs (two anaemia and one thrombocytopenia), one G3 asthenia and one G3 mood alteration were apparently drug related and recovered spontaneously. Finally, one of the patients with G3 anaemia also had G3 pneumonia, which was not considered drug related.
Efficacy and markers of response. According to RECIST, 1 CR, 3 PR, 15 SD and 50 PD, were recorded in the training cohort. The DCR was 27.5% and the response rate was 6%. Two patients with SD later developed PR. According to irRC, the irDCR was 27.5% and irBORR was 8.5%. At the time of manuscript preparation, 1 irCR, 1 irPR and 2 irSD were still ongoing (26 þ ; 12 þ ; 30 þ and 9 þ months duration, respectively).
All patients performed blood tests before drug infusions, and markers of response were evaluated in pre-therapy peripheral blood.
Median WBC were 8220 (IQR: 6720-11 470 cells per ml) in patients with irPD, and 5800 (IQR: 4700-7490 cells per ml) in patients that achieved irDC. ANC were also elevated in PD patients (median 5980, IQR: 4420-8310 cells per ml) when compared with non-PD patients (median 3700, IQR: 2910-4800 cells per ml). Conversely, ALC were comparable in PD patients (median 1270, IQR: 890-1920 cells per ml) and in patients with irDC (median 1590, IQR: 1170-2000 cells per ml). Baseline WBC and ANC, but not ALC, were significantly associated with irDC (P ¼ 0.0006, Po0.0001 and P ¼ 0.2, respectively, Supplementary Figure 1A -C).
When ANC and ALC were incorporated in the NLR, we found that NLR was also associated with irDC (P ¼ 0.0002, Supplementary Figure 1D ). NLR was significantly higher (median 4.28; IQR: 3.11-6.59) in patients that experienced irPD than in patients that achieved irDC (median 2.4; IQR: 1.64-3.77). NLR was considered to be elevated above a value of 5 (Guthrie et al, 2013) . The ROC curve analysis was used to confirm the optimal discrimination given by this cutoff point. The area under the curve was 0.7937 (95% CI ¼ 0.68-0.91). With a threshold of 5, specificity of NLR for disease progression was 95%, and sensitivity was 44% ( Supplementary Table 2 ). In the training cohort, 24 (35%) patients had elevated NLR, and 23 of them (96%) experienced irPD as best response.
Survival and markers of outcome. The median PFS for patients included in the training cohort was 3.1 months ( Figure 1A) . Univariate analysis of pre-treatment patient characteristics revealed that LDHoupper limit of normal (ULN) (P ¼ 0.03), ECOG PS 0-1 (Po0.0001) and NLRo5 (Po0.0001), but not age or gender (P ¼ 0.8 and P ¼ 0.22, respectively), were significantly associated with improved PFS. Among haematological parameters, WBC and ANC (Po0.0001 and P ¼ 0.0004) were also significantly associated with PFS ( Supplementary Table 3 ), but not ALC (P ¼ 0.07). Median PFS was 3.6 months for patients with NLRo5, and 1.9 months for patients with NLRX 5 ( Figure 1B) . Patients with a NLRo5 had a five-fold significantly reduced risk of progression when compared with those with an elevated NLR (HR ¼ 0.20; 95% CI: 0.10-0.41, Supplementary Table 3 ). In a multivariate analysis including age, sex, LDH and ECOG PS, NLR was identified as a significant and independent factor for disease progression (HR ¼ 0.38; 95% CI: 0.22-0.66; P ¼ 0.0006, Table 2 ).
The median OS for patients included in the training cohort was 5 months ( Figure 1C ). As reported in Supplementary Table 3 , univariate analysis showed that factors significantly associated with prolonged OS were ECOG PS 0-1 (Po0.0001), NLRo5 (Po0.0001), WBCoUNL (Po0.0001), ANCoULN (Po0.0001) and ALC4LLN (P ¼ 0.04). Age (P ¼ 0.52), gender (P ¼ 0.22) and LDH (P ¼ 0.11) were not significantly associated with OS ( Supplementary Table 3 ). Median OS was 8 months for patients with NLRo5 and only 2.6 months for patients with NLRX5 ( Figure 1D ). Patients with a baseline NLRo5 had a eight-fold reduced risk of death when compared with those with an elevated NLR (HR ¼ 0.12; 95% CI: 0.05-0.25, Supplementary Table 3 ). In a multivariate analysis, NLR was significantly and independently associated with OS (HR ¼ 0.24; 95% CI: 0.13-0.46; Po0.0001, Table 2 ), adjusting for age, sex, LDH and ECOG PS. Importantly, NLR remained significantly and independently associated with both PFS (P ¼ 0.004) and OS (Po0.0001) when analysed as a continuous variable.
Multivariate analyses adjusting for age, sex, LDH and ECOG PS, showed that ANC4ULN was significantly and independently associated with poor PFS and OS (P ¼ 0.007 and P ¼ 0.0003, respectively). However, when both NLR and ANC were entered together in the model, NLR but not ANC remained significantly associated with OS (P ¼ 0.009 for NLR and P ¼ 0.32 for ANC). Similar results were obtained with PFS. Ipilimumab therapy would require four drug infusions 3 weeks apart. In the training cohort, 10 patients (all with elevated LDH, 50% of whom with an ECOG PS of 2) experienced so rapid disease progression that they were not able to receive half of the recommended doses. To rule out the possibility that the associations of NLR with the outcome were limited to patients with a very advanced disease, a subgroup analysis was performed in EIO patients who received at least two doses of ipilimumab (N ¼ 59, Supplementary Table 4 ). In a multivariate Cox model, NLR remained the single and strongest independent factor for disease progression (HR ¼ 0.46; 95% CI: 0.24-0.87; P ¼ 0.02) and survival (HR ¼ 0.26; 95% CI: 0.13-0.53; P ¼ 0.0002), adjusting for age, sex, LDH and ECOG PS.
Validation of NLR association with OS. The association of NLR with OS was validated in patients treated with ipilimumab 3 mg kg À 1 within the EAP (N ¼ 115) or after drug commercialisation (N ¼ 72) in three Italian Institutions. Patient characteristics are summarised in Table 3 . The two groups of patients were well balanced for age, gender and baseline LDH. A major difference was noted in the number of previous lines of systemic therapies, which was higher in the EAP group. Median follow-up were 16.4 and 10.6 months, respectively, for EAP and CD groups, whereas the median OS were 7.8 and 6.5 months, respectively.
In the EAP group, when stratified according to baseline NLR, median OS were 9.1 and 2.7 months, respectively, for patients with NLRo5 or higher (Figure 2A, Po0.0001 ). Multivariate analysis showed that patients with NLRo5 had a significantly reduced risk of death with similar hazard ratio (HR ¼ 0.51; 95% CI: 0.30-0.86; P ¼ 0.011) when compared with patients with NLRX5 (Table 4) . Similarly, in the CD group, patients with NLRo5 had a significantly improved survival (11.1 vs 3.7 months, Figure 2B , P ¼ 0.005). Multivariate analysis confirmed significant reduced risk of death for patients with lower NLR (HR ¼ 0.49; 95% CI: 0.25-0.99; P ¼ 0.049) when compared with patients with NLRX5 (Table 4 ). Since the proportion of patients with ECOG PS of 2 was very low (7%) and ECOG PS was not significantly associated with OS, this factor was not included in the multivariate models.
Furthermore, findings on the association of baseline NLR with survival were also independently validated on a cohort of 27 patients treated with 10 mg kg À 1 ipilimumab (Di Giacomo et al, 2011 Giacomo et al, , 2013 . The median OS for these patients was 9.6 months. When stratified according to NLR, median OS was 11.3 months for patients with NLRo5 and 6.7 months for those with NLRX5. In a multivariate Cox model, NLRo5 was found to be associated with improved OS (HR ¼ 0.26; 95% CI: 0.08-0.88, P ¼ 0.03, Supplementary Table 5) , adjusting for age, sex and LDH.
DISCUSSION
In this study, by analysing pre-therapy haematological parameters of a large group of metastatic melanoma patients treated with ipilimumab in three Italian Institutions, we showed that NLR was significantly associated with survival. We therefore suggest that NLR might allow the identification of patients that are more likely to benefit from this therapy, in advance of its initiation. In the last decade, it has become evident that immunotherapy does extend survival in a subset of melanoma patients. Monoclonal antibodies that block the CTLA-4 or programmed death-1 receptor, in fact, are able to release T cells from immune checkpoints and promote their activation, proliferation and effector functions, leading to substantial immunologic and clinical antitumour activity (Ott et al, 2013) . Durable responses observed with ipilimumab are encouraging, but restricted to only a limited number of patients (Hodi et al, 2010) . Further, consistent with the proposed drug mechanism of action (Peggs et al, 2006) , ipilimumab safety profile includes irAEs that can be life threatening and treatment limiting (Hodi et al, 2010) .
Safety and efficacy data presented here are in line with the clinical experience of ipilimumab 3 mg kg À 1 given through the EAP in Italy . AEs were reported by the majority of patients, but were predominantly mild, manageable and reversible. One-third of patients achieved irDC, and most of the responses were long lasting.
The median OS in the training cohort of patients was 5 months, which is lower than that reported in other studies and that of the validation cohorts. This could be due to the poor baseline patient characteristics (70% had three or more metastatic sites and 12% had ECOG PS 2). Further, only 55% of patients were able to complete the four-dose ipilimumab therapy. In the absence of an upfront selection criterion, and due to the lack of alternative treatments, also patients with a dismal life expectancy and poor conditions were treated. Identification of patients that are unlikely to respond to therapy would allow to spare them from undesirable side effects and, whenever possible, to switch them to alternative treatments. We observed that pre-therapy normal WBC and ANC (i.e., below the upper limit of normal) were significantly associated with improved PFS and OS, whereas normal ALC (i.e., above the lower limit of normal) were associated with improved OS, but not with PFS. Although lymphocytes are the target of ipilimumab, it is still not clear whether baseline ALC is associated with outcome. In fact, although association of baseline ALC and OS were observed in two recent studies (Berrocal et al, 2014; Kelderman et al, 2014) , changes in lymphocyte counts, or on-therapy ALC, but not baseline ALC, were found to be associated with irDC and OS in other studies (Ku et al, 2010; Di Giacomo et al, 2011; Delyon et al, 2013; Di Giacomo et al, 2013; Wilgenhof et al, 2013) . The finding that normal ANCs were associated with improved PFS and OS would indicate that not only lymphocytes, but also neutrophils may influence outcome under ipilimumab therapy, as recently observed also for eosinophils (Delyon et al, 2013) . Strikingly, when baseline ANC and ALC were incorporated in the NLR, we observed that NLR was strongly associated with disease control and clinical outcome. In multivariate analyses, NLRo5 remained associated with a 2.6-fold reduced risk of disease progression and a four-fold reduced risk of death. These associations were confirmed when we analysed patients that received ipilimumab 3 mg kg À 1 within the EAP or after drug commercialisation (two-fold reduced risk of death for both), as well as patients that received ipilimumab 10 mg kg À 1 (3.8-fold reduced risk of death). Taken together, our results would suggest that benefit from ipilimumab depends not only on lymphocyte activation by ipilimumab, but also on the context in which T cells are stimulated, as illustrated here by the ratio of neutrophils to lymphocytes.
Recently, the NLR was investigated in 27 melanoma patients receiving ipilimumab 10 mg kg À 1 . Notably, when the median NLR was used as a cutoff, on-therapy but not baseline NLR was found to be associated with survival (Di Giacomo et al, 2013) . When compared with the training cohort of patients of this study, this patient population included less patients with M1c disease (78% vs 87%), elevated LDH (41% vs 56%) and poor performance status (0% vs 12% of patients with ECOG PS of 2). However, despite differences in patient characteristics, ipilimumab dose, and outcome, when 5 was used as a cutoff for NLR in this cohort of patients, we observed that NLR was still associated with OS.
The strength of this study is that it is based on 'real world' populations of metastatic melanoma patients treated within routine clinical practice, with one training cohort and three validation cohorts of patients. On the other hand, the major limitation of this analysis stems from the same characteristics of these populations, which are heterogeneous and not part of a controlled, randomized clinical trial, and lacks a control arm. Further, this is a retrospective study, with consequent possibility of bias, and the sample size is relatively small. These limitations did not allow to establish whether NLR is either a predictive or a prognostic marker. Association of NLR and prognosis of patients with a variety of cancer types and receiving different treatments (including surgery, chemotherapy, radiotherapy or adjuvant therapy (Guthrie et al, 2013) ) would suggest that NLR is a general prognostic marker, rather than a predictive marker for ipilimumab. However, given its possible ability in identifying patients that are unlikely to benefit from this therapy in advance of its initiation, we would strongly encourage prospective studies with adequately powered sample size and clinical trials to validate our findings. The NLR would represent an ideal marker as it is derived from routine diagnostic procedures, it is does not require additional expenditure, and it is easily and promptly computable.
